Abstract. We consider the intuitionistic fuzzification of the concept of several Γ-ideals in a Γ-semigroup S, and investigate some properties of such Γ-ideals.
Introduction
The notion of a fuzzy set in a set was introduced by L. A. Zadeh [10] , and since then this concept has been applied to various algebraic structures. K. T. Atanassov [1] defined the notion of an intuitionistic fuzzy set, as a concept more general than a fuzzy set (see also [2] ). Using fuzzy ideals, N. Kuroki [5] discussed characterizations of semigroups (see also [6] ). K. H. Kim and Y. B. Jun [3] considered the intuitionistic fuzzification of the notion of several ideals in a semigroup, and investigated some properties of such ideals (see also [4] ). M. K. Sen and N. K. Saha [9] defined the concept of a Γ-semigroup, and established a relation between regular Γ-semigroup and Γ-group (see also [7] , [8] ). In this paper, we introduce the notion of an intuitionistic fuzzy Γ-ideal of a Γ-semigroup, and we investigate some properties connected with intuitionistic fuzzy Γ-ideals in a Γ-semigroup.
Preliminaries
Let S = {x, y, z, . . .} and Γ = {α, β, γ, . . .} be two non-empty sets. Then S is called a Γ-semigroup if it satisfies
• xγy ∈ S, • (xβy)γz = xβ(yγz) for all x, y, z ∈ S and β, γ ∈ Γ. A non-empty subset U of a Γ-semigroup S is said to be a Γ-subsemigroup of S if U ΓU ⊆ U . A left (right) Γ-ideal of a Γ-semigroup S is a non-empty subset U of S such that SΓU ⊆ U (U ΓS ⊆ U ). If U is both a left and a right Γ-ideal of a Γ-semigroup S, then we say that U is
S is said to be regular if, for each x ∈ S, there exist s ∈ S and β, γ ∈ Γ such that x = xβsγx. A Γ-semigroup S is called left-zero (right-zero) if xγy = x (xγy = y) for all x, y ∈ S and γ ∈ Γ. A Γ-semigroup S is said to be left (right) simple if S has no proper left (right) Γ-ideals. If a Γ-semigroup S has no proper Γ-ideals, then we say that S is simple. An element e in a Γ-semigroup S is called an idempotent if eγe = e for some γ ∈ Γ. Let E S denote the set of all idempotents in a Γ-semigroup S.
By a fuzzy set µ in a non-empty set X we mean a function µ : X −→ [0, 1] and the complement of µ, denoted byμ, is the fuzzy set in X given bȳ µ(x) = 1 − µ(x) for all x ∈ X. An intuitionistic fuzzy set (briefly IF S) A in a non-empty set X is an object having the form
where the functions µ A : X −→ [0, 1] and ν A : X −→ [0, 1] define the degree of membership and the degree of non-membership of the element x ∈ X to the set A, which is a subset of X, respectively, and
. For the sake of simplicity, we shall use the symbol
Let χ U denote the characteristic function of a non-empty subset U of a Γ-semigroup S.
Intuitionistic fuzzy Γ-ideals
In what follows, let S denote a Γ-semigroup unless otherwise specified. 
is said to be an intuitionistic fuzzy Γ-subsemigroup (briefly IF ΓS) of S if it is both a first and a second intuitionistic fuzzy Γ-subsemigroup.
Proof. Let x, y ∈ S and γ ∈ Γ. From the hypothesis, xγy ∈ U if x, y ∈ U . In this case
This completes the proof.
Proof. Suppose thatŨ = (χ U ,χ U ) is an IF ΓS 1 of S and x ∈ U ΓU . In this case, x = uγv for some u, v ∈ U and γ ∈ Γ. It follows from (ΓS 1 ) that
Hence χ U (x) = 1, i.e. x ∈ U . Thus U is a Γ-subsemigroup of S. Now, assume thatŨ = (χ U ,χ U ) is an IF ΓS 2 of S and x ∈ U ΓU . Then x = u γ v for some u , v ∈ U and γ ∈ Γ. Using (ΓS 2 ), we get that 
for all x, y ∈ S and γ ∈ Γ. Then A = (µ A , ν A ) is called a first (resp. second ) intuitionistic fuzzy right Γ-ideal (briefly IF RΓI 1 (resp. IF RΓI 2 )) of S if it satisfies (RΓI 1 ) (resp. (RΓI 2 )). Also, A = (µ A , ν A ) is said to be an intuitionistic fuzzy right Γ-ideal (briefly IF RΓI) of S if it is both a first and a second intuitionistic fuzzy right Γ-ideal.
Proof. Let x, y ∈ U . Since U is left-zero, xγy = x and yγx = y for all γ ∈ Γ. In this case, from the hypothesis, we have that
Thus we obtain µ A (x) = µ A (y) and ν A (x) = ν A (y) for all x, y ∈ U . Hence A(x) = A(y) for all x, y ∈ U .
Proof. Let x, y ∈ S and γ ∈ Γ. Since U is a left Γ-ideal of S, xγy ∈ U if y ∈ U . It follows that χ U (xγy) = 1 = χ U (y) andχ
Proof. Let e, e ∈ E S . From the hypothesis, eγe = e and e γe = e for all γ ∈ Γ. Thus, since A = (µ A , ν A ) is an IF LΓI of S, we get that
Hence we have µ A (e) = µ A (e ) and ν A (e) = ν A (e ) for all e, e ∈ E S . This completes the proof. 
Proof. Since S is regular, E S is non-empty. Let e = eγe, e = e γ e ∈ E S where γ, γ ∈ Γ. Because of S is regular,
) is an IF LΓI 1 (or IF LΓI 2 ) of S by Lemma 3.8. In this case, from the hypothesis, we get that
Hence e ∈ L[e] = SΓe. Thus e = xβe = xβ(eγe) = (xβe)γe = e γe for some x ∈ S and β ∈ Γ. Consequently, E S is a left-zero Γ-semigroup. 
for all s, x, y ∈ S and β, γ ∈ Γ. Then A = (µ A , ν A ) is called a first (resp. second ) intuitionistic fuzzy interior Γ-ideal (briefly IF IΓI 1 (resp. IF IΓI 2 )) of S if it is an IF ΓS 1 (resp. IF ΓS 2 ) satisfying (IΓI 1 ) (resp. (IΓI 2 )). Also, A = (µ A , ν A ) is said to be an intuitionistic fuzzy interior Γ-ideal (briefly IF IΓI) of S if it is both a first and a second intuitionistic fuzzy interior Γ-ideal. 
Proof. Since U is a Γ-subsemigroup of S, we have thatŨ = (χ U ,χ U ) is an IF ΓS of S by Theorem 3.2. Let s, x, y ∈ S and β, γ ∈ Γ. From the hypothesis, xβsγy ∈ U if s ∈ U . In this case 
Proof. It is clear that U is a Γ-subsemigroup of S by Theorem 3.3. Suppose thatŨ = (χ U ,χ U ) is an IF IΓI 1 of S and x ∈ SΓU ΓS. In this case, x = sβuγt for some s, t ∈ S, u ∈ U and β, γ ∈ Γ. It follows from (IΓI 1 ) that
Hence χ U (x) = 1, i.e. x ∈ U . Thus U is an interior Γ-ideal of S. Now, assume thatŨ = (χ U ,χ U ) is an IF IΓI 2 of S and x ∈ SΓU ΓS. Then x = s β u γ t for some s , t ∈ S, u ∈ U and β , γ ∈ Γ. Using (IΓI 2 ), we obtainχ Proof. Let A = (µ A , ν A ) be an IF LΓI of S and x, x ∈ S. In this case, because of S is left simple, there exist s, s ∈ S and γ, γ ∈ Γ such that x = sγx and x = s γ x. Thus, since A = (µ A , ν A ) is an IF LΓI of S, we get that
Hence we have µ A (x) = µ A (x ) and ν A (x) = ν A (x ) for all x, x ∈ S, that is, A(x) = A(x ) for all x, x ∈ S. Consequently, S is intuitionistic fuzzy left simple. Proof. Let A = (µ A , ν A ) be an IF IΓI of S and x, x ∈ S. In this case, because of S is simple, there exist s, s , t, t ∈ S and β, β , γ, γ ∈ Γ such that x = sβx γt and x = s β xγ t . Thus, since A = (µ A , ν A ) is an IF IΓI of S, we obtain that 
